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ABSTRACT 
Solid propellant gas generators that have high gas capacity are used for fast pressurization of 
inflatable devices or elastic shells. However, many applications such as control surface actuation, air 
bottle pressurization in rocket engines and safety systems of automobiles (airbags) require exit gases 
at near ambient temperature. A scheme suitable for short duration applications is passive cooling of 
gas generator gases by using a packed bed as compact heat exchanger. A study indicated that the 
mass flow rates of solid propellant gas generators for applications such as air bottle pressurization 
and control system actuators were of the order of 1 kg/s. Since pressure and enthalpy drop 
correlations for packed beds with mass flow rates (~1 kg/s) and packing sphere based Reynolds 
number (Red) ~ 9X104 were unavailable in open literature, an experimental investigation was 
deemed necessary. The objectives of the present study were (a) characterization of packed beds for 
pressure and enthalpy drop, (b) develop Euler and Nusselt number correlations at Red~105 and (c) 
evolve an engineering procedure for estimation of packed bed pressure and enthalpy drop.  
An experimental test facility with a hydrogen-air combustor was designed and fabricated for 
this purpose to characterize a variety of packed beds for pressure drop and heat transfer. Flow 
through separate packed beds consisting of 9.5mm and 5mm steel spheres and lengths ~200mm and 
~300mm were studied in the sphere based Reynolds numbers (Red) range of 0.4X104 to 8.5X104. 
The average porosity (є) of the randomly packed beds was ~0.4. The ratios of packed bed diameter 
to packing diameter for 9.5mm and 5mm sphere packing were ~ 9.5 and 18 respectively. The inlet 
flow temperature was unsteady and a suitable arrangement using mesh of spheres was used at either 
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ends to eliminate flow entrance and exit effects. Stagnation pressures were measured at entry and 
exit of the packed beds.  
The pressure drop factor fpd, (ratio of Euler number (Eu) to packed bed dimensions) for 
packed bed with 9.5mm spheres exhibited an asymptotically decreasing trend with increasing 
Reynolds number, and a correlation for the pressure drop factor is proposed as, 
fpd=Eu/ [6(1-є) (L/dp)] =125.3 Red-0.4; 0.8X104 < Red < 8.5X104 (9.5mm sphere packing). 
However, for packed beds with 5mm spheres the pressure drop factor fpd, was observed to increase 
in the investigated Reynolds number range. The correlation based for pressure drop factor is 
proposed as,  
fpd= Eu/ [6(1-є) (L/dp)] =0.0479 Red0.37; 0.4X104 < Red < 3.9X104 (5mm sphere packing).  
The pressure drop factor was observed to be independent of the inlet flow temperature.  
Gas temperatures were measured at the entry, exit and at three axial locations along 
centerline in the packed beds. The solid packing temperature was measured at three axial locations 
in the packed bed. At Red~104, the influence of gas phase and solid phase thermal conductivity on 
heat transfer coefficient was found to be negligible based on order of magnitude analysis and solid 
packing temperature data obtained from the experiments. Evaluation of sphere based Nusselt 
number (Nud) at axial locations in the packed bed indicated a length effect on the heat transfer 
coefficient, which was a function of Reynolds number and size of spheres used in packing. The 
arithmetic average of Nusselt numbers at different axial locations in the packed bed were correlated 
as Nud=3.85 Red0.5; 0.5X104 < Red < 8.5X104. The Nusselt numbers obtained in the experiments 
were consistent with corresponding literature data available at lower Reynolds numbers.  
In this experimental study Euler number correlations for pressure drop and Nusselt number 
correlations for heat transfer were obtained for packed beds at Red~105. An engineering model for 
estimation of packed bed pressure and enthalpy drop was evolved, which is useful for sizing of 
packed bed heat exchanger in solid propellant gas generation systems.  
